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Abstract
28
There is growing evidence of a direct relationship between microbial community 29 composition and function, which implies that distinct microbial communities vary in their 30 functional properties. This study aimed at elucidating whether differences in initial 31 substrate utilization between distinct microbial communities are due to activities of 32 certain microbial groups. We performed a short-term experiment with beech forest soils 33 characterized by three different microbial communities (winter and summer community,
34
and a community from a tree girdling plot). We incubated these soils with different 
85
We have recently reported that distinct microbial communities differed in their functional 86 properties (Koranda et al., 2013) . Here we focus on the question whether differences in 87 functional properties of microbial communities are related to activities of certain microbial 88 groups. We hypothesized (1) that distinct microbial communities differ in utilization of 89 organic substrates and in partitioning of substrate derived C within the microbial 90 community, such that bacteria are more competitive for simple substrates than fungi,
91
and (2) that enhanced inorganic N availability more strongly increases bacterial 92 utilization of C substrates compared to fungal substrate utilization.
93
We performed an incubation experiment with beech forest soils characterized by three 94 microbial communities. We collected soils in summer and winter as we expected 95 adaptation of the summer community to high availability of labile C and adaptation of the 96 winter community to more recalcitrant substrates (litter). In summer we also collected 97 soil from a tree girdling plot in which belowground carbon allocation had been interrupted 98 which promoted the establishment of a more saprotrophic community. We incubated the 
106
Materials and Methods
108
Soil
109
The soil for the incubation experiment originated from a 65-year-old beech forest (Fagus 
117
processes and microbial communities were described in detail by Kaiser et al. (2010), 118 Rasche et al. (2010) , Kaiser et al. (2011) . Soil was stored at 4°C (winter) and 12°C
119
(summer) for two weeks until the start of the incubation experiment. Half of the winter 120 soil was transferred to 12°C for equilibration 3 days before the incubation. Soil 
238
In all incubations a peak in substrate respiration shortly after the beginning of the 
251
At the end of the incubation period the summer community had incorporated 3-fold as 252 much C from glucose as the winter community (Table 2) . Substrate incorporation into
253
PLFAs was significantly enhanced by N addition in incubations of cellulose (p<0.05 and 254 p<0.001 in control soil and soil from girdled plots, respectively) and slightly increased in 255 incubations of plant cell walls (p<0.1 in soils from girdled plots). The microbial 256 community in soil from girdled plots incorporated more C from cellulose than the 257 community in control plots at high N availability (p<0.05).
258
Differences in microbial biomass size between soils collected in winter, summer and 259 from girdled plots, however, need to be considered when estimating differences in 
264
(cellulose and plant cell walls) was generally higher in soils from girdled plots than from 265 control plots at both low and high N availability (except for substrate incorporation from 266 plant cell walls; data not shown).
267
The ratio of substrate derived C in PLFAs to respired substrate C was lowest in glucose
268
incubations of the winter community and highest in incubations of microbial cell walls, as 269 well as plant cell walls incubations of the winter community (Table 2) 
284
fungal marker PLFAs and two marker PLFAs for Gram-negative bacteria (Fig. 2b ).
285
Bacterial markers had highest loadings on PCA-axis 2.
286
The pattern of the distribution of substrate C within the microbial communities is further 287 illustrated by the substrate incorporation into marker PLFAs for different microbial groups 
298
Inorganic N addition not only increased microbial utilization of complex C substrates 299 (Table 2 ), but also altered the proportional substrate utilization of microbial groups ( 
317
Contrasting to the clear differences in the active microbial community between 318 incubations of different substrates and the strong effects of inorganic N addition on 319 microbial activity, the composition of the total microbial community varied only slightly 320 (Table S1 ). 
327
incorporation into PLFAs (given in Fig. S1 ).
328
In protein incubations ( 
360
Microbial utilization of glucose was higher in soil collected in summer than in winter
361
(probably reflecting adaptation of the summer community to high availability of labile C
362
supplied by plants via belowground C allocation) ( Table 2 ), but the distribution of 363 substrate C within the microbial community was similar in both seasons (Fig.2, 3 ). This is 
370
as reported in other studies (Baath, 2003; Rinnan & Baath, 2009 
380
Degradation of complex C substrates was higher in soils from girdled plots than from 381 control plots (Table 2) , possibly indicating microbial adaptation to high amounts of dead 382 fine root biomass in girdled plots three years after girdling. In cellulose incubations, as 383 well as cellulose and plant cell walls incubations with inorganic N additions, microbial communities from girdled and control plots also exhibited a differing pattern of substrate 385 incorporation of microbial groups (Fig. 2, 3 
409
Contrary to bacteria, fungi more intensively utilized plant cell walls than cellulose (Fig. 3,   410 4), which is probably due to the lignin content of plant cell walls, as well as N contained 411 in cell wall proteins.
412
If inorganic N was added to cellulose and plant cell walls, fungal decomposition activity 413 of polymeric C substrates strongly increased ( Fig. 3, 4 ; Table 3 ). N addition also 414 significantly enhanced the ratio of incorporated substrate C over respired substrate C (Table 2) 
434
Bacterial incorporation of polymeric C substrates, on the other hand, tended to be 435 reduced by N addition (Fig. 3, 4 ; Table 3 ). Negative responses of Gram-negative 436 437 also been reported in a previous field study (Weand et al., 2010) .
438
Our results on microbial utilization of polymeric C substrates corroborated in part 
449
In summary, our results revealed that differences in utilization of a labile C substrate
450
(glucose) between microbial communities (summer and winter community) were not due Figure S1 . 13 C incorporation into PLFAs in soils collected in winter (triangles), in summer from control plots (circles) and from girdled plots (squares), incubated with five organic substrates with or without inorganic N addition. Values are means ± SE (n = 3).
